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Abstract
Using an intracellular cytokine assay, we recently showed that the frequencies of rotavirus (RV)-specific CD4 and CD8 T cells
secreting INF, circulating in RV infected and healthy adults, are very low compared to the frequencies of circulating cytomegalovirus
(CMV) reactive T cells in comparable individuals. In children with acute RV infection, these T cells were barely or not detectable. In the
present study, an ELISPOT assay enabled detection of circulating RV-specific INF-secreting cells in children with RV diarrhea but not
in children with non-RV diarrhea without evidence of a previous RV infection. Using microbead-enriched CD4 and CD8 T cell subsets,
IFN-secreting RV-specific CD8 but not CD4 T cells were detected in recently infected children. Using the same approach, both CD4
and CD8 RV-specific T cells were detected in healthy adults. Furthermore, stimulation of purified subsets of PBMC that express
lymphocyte homing receptors demonstrated that RV-specific INF-secreting CD4 T cells from adult volunteers preferentially express the
intestinal homing receptor 47, but not the peripheral lymph node homing receptor L-selectin. In contrast, CMV-specific INF-secreting
CD4 T cells preferentially express L-selectin but not 47. These results suggest that the expression of homing receptors on virus-specific
T cells depends on the organ where these cells were originally stimulated and that their capacity to secrete INF is independent of the
expression of these homing receptors.
© 2003 Elsevier Inc. All rights reserved.
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Introduction
Rotaviruses (RV) are the most important cause of severe
dehydrating diarrhea in children worldwide, resulting in an
estimated 480,000 to 640,000 deaths annually (Bresee et al.,
1999). Better knowledge of the immune response against
RV in humans will be useful for the design and/or evalua-
tion of new RV vaccines (Franco and Greenberg, 2001).
Because the replication of RV is highly restricted to entero-
cytes, RV can serve as a model antigen to study the immune
response of the intestinal mucosa.
Lymphocytes migrate (home) preferentially to sites
where they were originally stimulated by an antigen and to
related effector sites (Butcher et al., 1999). A key event in
the homing of lymphocytes to intestinal organs is mediated
by interactions between the integrin 47, expressed on the
lymphocytes and the cell adhesion molecule MadCAM 1,
expressed on the vascular endothelium of postcapillary
venules (Butcher et al., 1999). In healthy adults, circulating
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RV-specific CD4 cells that proliferate in vitro in response
to RV express the intestinal homing receptor 47 (Rott et
al., 1997). This study supports the hypothesis that circulat-
ing RV-specific T cells are lymphocytes that have been
primed in and are migrating back to the intestine (Butcher et
al., 1999; Rott et al., 1997). We have recently shown
(Jaimes et al., 2002) that significantly higher frequencies of
RV-specific IFN-secreting CD8 and CD4 (Th1) T cells,
but not IL-13-secreting T cells, circulate in symptomatically
infected adults and RV exposed laboratory workers, com-
pared to healthy adults. In contrast, children with RV diar-
rhea had no detectable or very low levels of CD4, IFN
(Th1), CD4, IL13 (Th2) and CD8, IFN T cells
(Jaimes et al., 2002). The frequencies of T cells circulating
in healthy seropositive adults specific for cytomegalovirus
(CMV) were 20 times the frequencies of RV-specific T cells
(Jaimes et al., 2002).
In the present study we wanted to confirm and further
characterize, with a different assay system, the existence of
the low levels of RV-specific T cells in children and healthy
adults. We also wished to determine if, as shown previously
with CD4 T cells that proliferate to RV antigen, RV-
specific IFN-secreting CD4 effector cells indeed have
characteristics of intestinally primed T cells and express the
intestinal homing receptor 47.
Results
Frequencies of RV-specific PBMC producing IFN and
IL-4 in children with RV diarrhea and non-RV diarrhea
As a first approach to quantify the frequencies of RV-
specific T cells in children with RV diarrhea (RV) and
non-RV diarrhea (RV), we evaluated the number of IFN-
or IL-4-secreting cells after stimulation of total PBMC with
RRV or Mock by ELISPOT. We studied 15 RV children
and 13 RV children (Fig. 1) assayed at a median of 8
(range 2–13) days after onset of diarrhea. Our RV group
consisted of two subgroups: children with and without (n 
8 and 5, respectively) the presence of RV-specific IgA in the
acute plasma or stool samples, indicative of previous infec-
tion with RV (Jaimes et al., 2002) (Fig. 1). In both RV and
RV children with evidence of a previous RV infection we
detected statistically significant responses of IFN-produc-
ing cells in response to the RV antigen, compared with the
response to the control antigen (Wilcoxon P  0.016) (Fig.
1). The difference was not statistically significant in RV
children without evidence of previous RV infection (Wil-
coxon P  0.068). The presence of IFN-secreting cells
among PBMC of children with RV diarrhea, but not in
children with non-RV diarrhea without evidence of a pre-
vious RV infection, strongly suggests that the detected cells
are T cells as opposed to NK cells or macrophages. Very
few (mean: less than eight cells/million PBMC) or no cells
producing IL-4 were detected in response to both RV and
the Mock preparation in the three study groups, and the
number of IL-4-secreting cells in response to the RRV was
not different than the response to the Mock preparation in
any of the three groups (Wilcoxon P 0.26). A statistically
significant difference was seen between the net frequencies
(frequencies of cells responding to RRV minus the frequen-
cies of cells responding to Mock) of cells secreting IFN of
RV children (mean: 213.0 cells/million PBMC SEM 52.9)
compared to the net frequencies of cells secreting IFN in
both groups of RV children (mean: 36.8 cells/million
PBMC SEM 10.7 for children with evidence of previous RV
infection, and mean 40.0 cells/million PBMC SEM 15.8 for
children without evidence of previous RV infection, Mann–
Whitney P  0.005).
As a positive control in the above experiments, the fre-
quencies of T cells responding to SEB with the production
of cytokines were also studied. The difference between the
frequencies of SEB and Mock-stimulated cells that secrete
IFN and IL-4 was significant in both study groups (RV
and RV) (Wilcoxon P  0.001). The net mean number of
T cells secreting IFN in RV children was 2594 cells/
million PBMC SEM 695 (n  16) and in children RV it
was 2662 cells/million PBMC SEM 349 (n  13). The net
mean number of T cells secreting IL4 in RV children was
309 cells/million PBMC SEM 58 (n  16) and in RV
children it was 284.5 cells/million PBMC SEM 52.8 (n 
13). Since the two groups of children have similar re-
sponses, and these responses seem to be comparable to the
response that has been reported for healthy children (Hay-
ward and Cosyns, 1994; Jaimes et al., 2002), this result
suggests that both RV and RV do not develop a ten-
dency to a Th2 or Th1 T cell response.
Fig. 1. Frequencies of INF-secreting cells in response to RRV and Mock
in non-RV-infected children without evidence of previous RV infection
(RV, RV IgA), non-RV-infected children with evidence of a previous
RV infection (RV, RV IgA), and children with RV infection (RV).
The n  16 of RV children includes a child that was assayed twice (both
during the acute and convalescent phase). & indicates statistical differences
between the response to RRV and Mock preparation (Wilcoxon P 
0.016).
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Frequencies of RV-specific CD4 and CD8 T cells
secreting IFN circulating in children with RV diarrhea
Although the results of Fig. 1 suggest that we are detect-
ing a T cell response, in these experiments we are studying
PBMC that contain CD4 and CD8 T cells as well as other
(for example, NK cells) IFN-secreting cells. Thus we can-
not be entirely certain of which type of cell we were de-
tecting. To confirm that the observed response was a T cell
response, and to try to establish if the RV-specific T cell
response in recently RV infected children and healthy adults
was of a CD4 Th1 or Th2 type, and/or if CD8 T cells
were responding, we stimulated PBMC with RRV and
Mock and then selected CD4 and CD8 cells with mi-
crobeads before depositing them in the ELISPOT wells. We
did not perform these experiments with cells from children
with non-RV diarrhea because we had demonstrated (see
above) that PBMC from these children do not respond in
vitro to RV antigen with specific production of IFN and
IL-4 (Fig. 1). The frequencies of CD4 and CD8 T cells
responding to RV with production of IFN and IL-4 were
studied in nine RV children (assayed at a median of 7.5,
range 3–23, days after onset of diarrhea) and seven healthy
adults (Fig. 2). In RV children, a significant difference
between the frequencies of cells secreting IFN in response
to RRV and the Mock was observed in the CD8 T cells
(Wilcoxon P  0.018) but not in the CD4 T cells (Wil-
coxon P  0.17). In healthy adults, significant differences
were observed in the responses of CD4 (Wilcoxon P 
0.046) and CD8 (Wilcoxon P  0.028) T cells secreting
IFN. The mean net frequency in RV-infected children is
409.1 SEM 168.2 IFN-secreting CD8 T cells per million
total CD8 T cells. The mean net frequencies of CD4 and
CD8 RV-specific T cells in healthy adults are 133 SEM
53.5 and 220 SEM 82.9 per million CD4 or CD8 total T
cells, respectively. Less than 5 cells per million CD4 T
cells secreting IL-4 were detected in response to both RV
and the Mock preparation in the two study groups, and the
number of IL-4-secreting cells in response to the RV was
not different from the number responding to the Mock
preparation in both of the groups (Wilcoxon P  0.15).
In conclusion, the ELISPOT assay confirmed the pres-
ence of RV-specific T cells in RV children and healthy
adults. Nonetheless, we could not detect the presence of
CD4 RV-specific T cells in RV-infected children and
further studies are needed to determine the cytokine-secret-
ing profile of the virus-specific T cells in these children.
Expression of homing receptors on RV-specific and CMV-
specific CD4 T cells
To test the hypothesis that homing receptor expression
varies between lymphocytes specific for viruses that pref-
erentially replicate in the intestine and systemically, we
compared the expression of 47 (intestinal homing recep-
tor) and L-selectin (peripheral lymph node homing receptor)
on RV-specific and CMV-specific T cells. Since T cell lines
and PBMC activated in vitro downregulate the expression
of L-selectin (Kishimoto et al., 1990) and 47 (Hernandez-
Caselles et al., 1996 and data not shown), it is impossible,
by direct staining for these homing receptors, to determine
if an antigen-specific T cell expresses these markers after in
vitro antigen stimulation. To overcome this problem, we
decided to select 47 / and L-selectin / subsets
from fresh PBMC and then stimulate these cells with a
constant number of microbead-purified CD14 monocytes
that had been treated with RV or CMV (Maecker et al.,
2001). This was done to assure that we restimulated the
different cell subsets with the same type and numbers of
APC. After antigen activation, we quantified virus-specific
IFN-secreting CD4 T cells by flow cytometry (Jaimes et
al., 2002). Using this protocol we studied seven CMV se-
ropositive healthy adult volunteers, and eight volunteers
exposed to rotavirus (Tables 1 and 2). One RV-exposed
subject was also seropositive for CMV (subject A1, Tables
1 and 2). RV-specific CD4 T cells were enriched in both
the 47 and the L-selectin subpopulations of PBMC
(Table 1). In contrast, the frequencies of CMV-specific T
cells were or were not enriched in 47 or L-selectin
subpopulations of PBMC (Table 2). Based on the values of
Tables 1 and 2 and taking into account for each individual
the frequency of circulating CD4 T cells that express each
homing receptor (see Materials and methods for details), we
calculated for each subject the percentage of virus-specific
CD4 T cells that express each receptor. The means per-
Fig. 2. Frequencies on INF-secreting CD4 (a) and CD8 (b) cells in
response to RRV and Mock preparation in RV children and healthy
adults. & indicates a statistical difference between the response to RV and
the Mock stimulated cells (Wilcoxon P  0.046).
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centages of these values are presented in Fig. 3. As ex-
pected, the majority of RV-specific T cells express 47 but
not L-selectin (Fig. 3). In contrast, the majority of CMV-
specific T cells express L-selectin but not 47 (Fig. 3). The
mean percentage of 47 CMV-specific CD4 T cells
(35.0% SEM 4.5) is statistically different (Mann–Whitney P
 0.003) from the mean percentage of 47 RV-specific
CD4 T cells (81.6% SEM 5.4). Although the mean per-
centage of L-selectin CMV-specific CD4 T cells (64.1%
SEM 6.0) is higher than the mean percentage of L-selectin
RV-specific CD4 T cells (40.4% SEM 9.9), this difference
did not quite reach statistical significance (Mann–Whitney
P  0.06).
Discussion
We have verified that children with RV diarrhea and
healthy adults have circulating IFN-secreting RV-specific
T cells. Furthermore, we showed that while RV-specific
CD4 cells have a phenotype consistent with being primed
in the intestine, CMV-specific T cells have a homing phe-
notype more consistent with T cells primed systemically.
RV-specific cells secreting IFN were identified in
PBMC of children with RV diarrhea and in children with
non-RV diarrhea with evidence of previous RV infections
but not in children with non-RV diarrhea without evidence
of previous RV infection (Fig. 1). The levels of IFN-
secreting cells in children with non-RV diarrhea (although
significantly different from the numbers of cells responding
to the mock preparation) were very close to the levels seen
with children that have not been infected previously with
RV and thus this result merits further confirmation. Al-
though this assay does not permit direct evaluation of re-
sponding T cell subsets, its simplicity makes it amenable to
the study of immunogenicity and protective efficacy of RV
vaccines in settings where flow cytometry facilities are not
available or where very large numbers of samples require
analysis (Pe´rez-Schael et al., 1997).
Positive selection of circulating CD4 and CD8 T cells
by microbeads suggests that CD8 are the primary circu-
lating T cells secreting IFN in children with RV diarrhea.
Nonetheless, there was a tendency to detect CD4 IFN-
secreting cells as well (Fig. 2a). As we have previously
shown by flow cytometry, low numbers of RV-specific
circulating CD4 and CD8 T cells secreting IFN are
detected in healthy adults by ELISPOT (Figs. 2a and b).
Compared to the frequencies of T cells detected by the flow
cytometry assay (Jaimes et al., 2002), children have 0.53
times the CD8 T cells detected by ELISPOT (Fig. 2). In
contrast, by flow cytometry we could detect statistically
significant numbers of RV-specific CD4 T cells that were
not detected in the present work by ELISPOT. Healthy
adults have 1.95 and 1.45 more CD4 and CD8 T cells
detected by flow cytometry (Jaimes et al., 2002) than by
ELISPOT (Fig. 2). Thus, except for the children’s CD8 T
Table 1
Frequencies of CD4, 47/, and CD4, L-selectin/ T cells
responding to RV in RV exposed volunteers
Subject % CD4, IFN, CD69 T cells
47 47 L-selectin L-selectin
A8 0.33 0 NDa NDa
A1 0.65 0.01 0.01 0.35
A9 0.04 0.02 0 0.35
A10 0.07 0.01 0.05 0.23
A11 0.07 0.02 0.06 0.09
A12 0.07 0.01 0.05 0.23
A13 0.12 0.05 0.12 0.25
A14 0.13 0.04 0.09 0.41
Note. Values are net frequencies (response to the viral antigen minus the
response to the control antigen). Mean responses (SEM) to the control
antigen in the different subsets were: 47: 0.04% (0.02); 47:
0.04% (0.04); L-selectin: 0.01% (0.01); L-selectin: 0.03% (0.02%).
a ND, not done.
Table 2
Frequencies of CD4, 47/, and CD4, L-selectin/ T cells
responding to CMV in CMV seropositive volunteers
Subject % CD4, IFN, CD69 T cells
47 47 L-selectin L-selectin
A1 1.39 3.85 0.75 0.53
A2 0.36 1.03 0.49 1.03
A3 0.65 2.04 0.93 2.37
A4 0.22 0.26 0.23 0.54
A5 0.95 1.07 0.78 2.66
A6 0.97 1.09 0.78 2.78
A7 1.66 1.38 1.12 6.8
Note. Values are net frequencies (response to the viral antigen minus the
response to the control antigen). Mean responses (SEM) to the control
antigen in the different subsets were: 47: 0.07% (0.02); 47:
0.04% (0.02); L-selectin: 0.03% (0.01); L-selectin: 0.06% (0.03%).
Fig. 3. Mean frequencies of RV and CMV-specific circulating CD4 T
cells that express 47 or L-selectin. These means were obtained based on
the data from Tables 1 and 2, taking into account for each individual, the
frequency of circulating CD4 T cells that express or do not express each
homing receptor (see Materials and methods for details). & indicates
statistical differences between the mean percentage of 47  CMV
CD4 T cells and 47 RV CD4 T cells (Mann–Whitney P  0.003).
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cells, the flow cytometry assay seems to be somewhat more
sensitive than the ELISPOT. The lower sensitivity of the
ELISPOT for the CD4 T cells could be explained because
in our assay, we transferred the activated T cells to ELIS-
POT wells without APC. As shown for mouse CD8 T cells
(Slifka et al., 1999), in the absence of APC the T cells can
quickly downregulate the secretion of IFN. This effect
would not interfere with the assay of CD8 T cells in
RV-infected children, because non-RV-specific CD8 T
cells (that have MHC class I molecules) could be presenting
viral antigen to the RV-specific CD8 T cells. An alterna-
tive explanation for the lower responses detected in some of
the ELISPOT experiments presented here could be that
some virus-specific T cells were lost during the cell-enrich-
ment process. Experiments to quantitate and definitively
establish the cytokine-secreting pattern of children’s RV-
specific CD4 T cells will probably require the purification
of APC and the CD4 T cells (VanCott et al., 2000) and
then their assay by ELISPOT or flow cytometry. These
experiments are difficult to perform because of the low
numbers of cells that can be obtained from children.
Our results with CD4 and CD8 subsets of T cells (Fig.
2) suggest that, during an acute infection, children have
more circulating CD8 than CD4 IFN-secreting T cells.
This result would be in accord with the expected roles of
anti-RV-specific CD4 and CD8 T cells determined in the
mouse model (Franco and Greenberg, 1995, 1997) and the
clinical presentation of RV infection in humans (Franco and
Greenberg, 2002). As seen in mice (Franco and Greenberg,
1995), the CD8 T cells we observed in children during an
acute infection (Fig. 2) could be contributing to viral clear-
ance in most RV-infected children. Since in mice the pro-
duction of most of the RV-specific IgA antibodies are de-
pendent on CD4 T cell help (Franco and Greenberg,
1997), the low levels of RV-specific CD4 T cells in chil-
dren might explain why many of them develop only tran-
sient levels of intestinal IgA.
Using a different representative Th2 cytokine (IL-13
with the flow cytometry, IL-4 in the present studies), our
results confirm that RV-specific CD4 T cells in healthy
adults have a Th1 profile (Fig. 2a). It will be important to
further confirm and extend this observation by the evalua-
tion of other Th1 and Th2 cytokines. The observation that in
RV children, PBMC stimulated with RRV respond with
the secretion of IFN but not IL-4, and that there is a
tendency for RV-specific CD4 T cells to secrete IFN
(Fig. 2a) but not IL-4, support the hypothesis that RV-
specific T cells from children have a tendency toward a Th1
response. Nonetheless, no firm conclusion can be obtained
because we could not definitively establish the presence of
IFN-secreting CD4 T cells in the children with RV di-
arrhea. Furthermore, the pattern of cytokine-secreting cells
stimulated with SEB in both children with and without RV
diarrhea is very similar to that of healthy age-matched
children and thus suggests that the T cells from these chil-
dren do not have a tendency toward polarized Th1 or Th2
responses (Hayward and Cosyns, 1994; Jaimes et al., 2002).
Thus, as mentioned previously, future studies with purified
CD4 T cells of children will be needed to clarify the
pattern of cytokine secretion by RV-specific CD4 T cells
in children. The conclusion that this type of experiment is
needed is supported by studies in the murine model were it
has been previously shown that the pattern of cytokine
secretion of lymphocytes in response to RV is different if
assayed with unpurified CD4 T cells (a Th1 response) vs
purified CD4 T cells (a mixed Th1-Th2 response) (Van-
Cott et al., 2000).
The predominant expression of 47 on RV but no
CMV-specific CD4 T cells is in agreement with previous
reports of T cells specific for RV (Rott et al., 1997), other
gastrointestinal pathogens (Helicobacter piloric (Quiding-
Jarbrink et al. 2001) and Salmonella (Lundin et al. (2002))
or an orally administered immunogen (Kantele et al., 1999).
Nonetheless, the assays used in these previous publications
have relied on lymphoproliferation to estimate the dominant
homing receptor phenotypes on antigen-specific CD4 T
cells. The method we have used (single-cell analysis by flow
cytometry) permits us to go further and to estimate the
frequencies of cells that express these homing receptors.
Our result that shows that CMV-specific CD4 T cells are
predominantly 47 is in agreement with the fact that
CD4 T cells that proliferate in vitro to measles virus
antigen after a parenteral vaccine boost are predominantly
47 (Rott et al., 1997). The 35% of CMV-specific
CD4 T cells that express 47 could represent some T
cells that, as has been shown in the mouse model for
systemic antigens, home to the gut and other nonlymphoid
tissues (Masopust et al., 2001; Reinhardt et al., 2001).
The fact that our assay to study the homing receptor
repertoire on CD4 T cells measures cytokine-secreting
cells and not lymphoproliferation, as used in previous sim-
ilar studies, is an important difference, especially in light of
the recent evidence that the migratory pattern of human
memory T cells may vary depending on the whether the T
cells secrete cyotokines or not (Sallusto et al., 1999). Mem-
ory CD4 T cells have been classified into central
(CCR7) non-cytokine-secreting cells that home to periph-
eral lymph nodes, and peripheral (CCR7) effector mem-
ory cytokine-secreting cells that migrate to nonlymphoid
tissues (Sallusto et al., 1999). Taking into account that the
great majority (over 96%) of L-selectin CD4 T cells are
CCR7 and CD27 (a marker that is highly coexpresed
with CCR7) (Bitmansour et al., 2002; Campbell et al.,
2001), our results that the majority of circulating CMV-
specific IFN-secreting cells are L-selectin would not be
in agreement with the classification of memory CD4 T
cells proposed by Sallusto et al. (1999). Our results would
be more in accord with experiments that show that most
circulating IFN-secreting CD4 T cells stimulated with
PMA and ionomycin are CCR7 (Kim et al., 2001). Our
results would also be in agreement with a recent study of
HIV-infected subjects, in which two or three of five nonre-
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cently CMV-infected volunteers seem to have IFN-secret-
ing CMV-specific CD4 T cells that are predominantly
CCR7 (Harari et al., 2002). Furthermore, we have stained
CMV activated cells from volunteers A1 and A2 (Table 2)
with CD27 (a marker whose expression, unlike 47 and
L-selectin, is not varied by antigen activation) (Bitmansour
et al., 2002), and found that the frequency of circulating
CMV specific L-selectin CD4 T cells that secrete IFN
(Fig. 3) is very similar to the frequency of CMV-specific
CD27 CD4 T cells (data not shown). Thus, most CMV-
specific CD4 T cells in our study population seem to have
a phenotype consistent with homing to peripheral lymph
nodes (L-selectin, CD27, and thus probably CCR7)
and at the same time they have an effector phenotype
(secretion of IFN). The discrepancy of this result with the
proposed classification of memory CD4 T cells (Sallusto
et al., 1999) could be related to the fact that some of the
CMV-specific T cells we studied have been recently acti-
vated and are not long-term memory cells (Dunn et al.,
2002). In support of this hypothesis, it has been reported
that the expression of receptors involved in homing of T
cells can vary depending on the time after the T cell has
been activated (Langenkamp et al., 2003).
In conclusion, our results suggest that the expression of
homing receptors on virus-specific T cells depends on the
organ were these cells were originally stimulated by anti-
gen, and that their capacity to secrete IFN is independent
of the expression of these homing receptors.
Materials and methods
Subjects and sample collection
Thirty-eight children (ages 3 months to 7 years old),
admitted with diarrhea to the pediatric emergency service of
the San Ignacio Hospital in Bogota´ (Colombia) or Ciudad
Hospitalaria Enrique Tejera, Valencia-Carabobo (Venezue-
la), were studied. We also studied 21 healthy adults, 21 to
47 years old. The subset of adult subjects, whose cells were
used to study the expression of homing receptors on the T
cells, consisted of seven individuals seropositive for CMV
and eight individuals who were potentially exposed to RV:
two laboratory workers who handled RV stools samples
on a regular basis and six medical school graduates that
could have been infected by RV during their medical train-
ing (Jaimes et al., 2002). We collected blood and stool
samples from each symptomatic child at the time of the
acute infection (1 to 7 days from start of symptoms) and in
the convalescent period (8 to 42 days from start of symp-
toms). The comparison of levels of RV-specific antibodies
between the two samples (acute and convalescent) served to
establish or confirm the diagnosis of RV infection. ELISAs
for measurement of antibodies against RV and CMV or for
detection of RV antigen were performed as described pre-
viously (Gonzalez et al., 2003; Jaimes et al., 2002).
The study was approved by the Ethics Committees of the
San Ignacio Hospital and the Instituto de Biomedicina-
Fuvesin. Written informed consent was obtained from the
parent/guardians of the children and from all adults prior to
enrollment in the study.
Definitions
Subjects were considered infected or not infected by RV
using the same criteria previously described (Jaimes et al.,
2002): A child was considered infected by RV if (1) viral
antigen was detected by ELISA in either of its stool samples
(acute or convalescent); (2) stool virus-specific IgM had a
titer greater than 1/2 in either sample; (3) a plasma IgM
anti-RV titer was greater than 1/400 in either sample; (4) the
copro IgA had a significant rise (fourfold increase in virus
specific titers between the acute and convalescent sample);
(5) the child’s plasma demonstrated a significant increase in
IgA or IgG (fourfold increase in virus-specific titers be-
tween the acute and convalescent sample) (Coulson et al.,
1989, 1992). A child was considered to have diarrhea of
another origin if he/she lacked all of the above criteria for
acute RV infection.
Detection of RV-specific cells among PBMC by ELISPOT
Immobilon P40, 96-well plates (Millipore, Bedford,
MA), were coated overnight at 4°C with anti-INF 15
g/ml or anti-IL-4 15 g/ml monoclonal antibodies (MAbs)
(Mabtech AB, Sweden). Serial dilutions (2 105 to 1 105
cells) of Ficoll gradient (Jaimes et al., 2002) purified PBMC
in 100 l RMPI 10% FCS were deposited in ELISPOT
wells and then stimulated with either 100 l of supernatant
of rhesus monkey RV-infected MA104 cells (RRV, titer 7
 107 focus forming units per milliliter), or 100 l of
supernatant of mock-infected MA104 cells (Mock, as neg-
ative control) or Staphylococcal enterotoxin B (SEB,
Sigma, St. Louis, MO) 1.25 g/ml (as positive control). In
addition, anti-CD28 1 g/ml and anti-CD49d 1 g/ml
MAbs (Becton–Dickinson, San Jose, CA) were added for
costimulation (Jaimes et al., 2002). Cells were then incu-
bated 18 h at 37°C in an incubator with 5% CO2. Cytokines
secreted by antigen-specific T cells are captured by the
antibodies bound to the membrane in discreet spots (one
cytokine-producing cell will give one spot) and are then
detected with biotinylated cytokine-specific MAbs 1 g/ml
(Mabtech AB) incubated 2 h at room temperature (RT)
followed by Streptavidin–Alkaline Phosphatase 1 g/ml
(Mabtech AB) incubated 1 h at RT and developed with
BCIP/NBT (Sigma) as substrate for 5 min at RT. Two
independent observers counted the numbers of cytokine-
secreting cells in each sample.
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Detection of RV-specific CD4 and CD8 T cells by
ELISPOT
PBMC were stimulated with RRV or Mock in 15 ml
polystyrene Falcon tubes (Becton–Dickinson Labware,
Franklin Lakes, NJ) and incubated with a 5° slant for 6 h at
37°C with 5% CO2. After washing, positive selection of
CD4 and CD8 T cells was performed with anti-CD4 or
anti-CD8 MAb-coated microbeads (Miltenyi Biotec, Au-
burn, CA) following the manufacturer’s instructions. Serial
dilutions (5 105 to 5 104) of RRV and Mock-stimulated
CD4 and CD8 cells were then deposited on separate
wells coated with either IFN- or IL-4-specific MAbs. Cells
were then incubated overnight at 37°C in an incubator with
5% CO2 and the assay was developed as described for the
unseparated PBMC above. The level of enrichment in the
selected CD4 and CD8 T cells subsets was determined
by flow cytometry using fluorochrome-labeled anti-CD4
and anti-CD8 MAbs (Becton–Dickinson). The selected cells
contained a mean of 96.6 and 90.5% cells that expressed
high levels of CD4 and CD8, respectively.
Study of homing receptors on virus-specific CD4 T cells
Antigen-presenting cells (APC) for the assay were
monocytes purified from PBMC using microbeads coupled
to a CD14-specific MAb following the manufacturer’s in-
structions (Miltenyi Biotec). Monocoytes used were over
93% pure as determined by flow cytometry after staining
with an anti-CD14 phycoerytherin (PE) MAb (Pharmingen,
San Diego, CA). Monocytes were incubated with Mock or
RRV at a multiplicity of infection of 1 for 2 h. Cells were
then washed and added to microbead-purified 47 or L-Se-
lectin/ subsets of PBMCs (see below) using a ratio of 10
responding cells per antigen-treated APC (Maecker et al.,
2001). After this step, cells were processed for staining of
intracellular cytokines as previously described (Jaimes et
al., 2002). Briefly, the cells were incubated for 10 h at 37°C
in an incubator with 5% CO2, the last 5 h in the presence of
brefeldin A (10 g/ml) (Sigma). Subsequently the cells
were washed, fixed with 1% paraformaldehyde (Carlo
ERBA Reagenti, Rodano, Italy), and then frozen. Cells were
then thawed, washed once, incubated with FACS permeabi-
lization solution (BD Immunocytometry Systems, San Jose,
CA) for 10 min, washed, and then stained for 30 min in the
dark with the following MAbs: CD4-Tri-Color conjugate
(Caltag Laboratories, Burlingame, CA), anti-CD69-PE and
anti-IFN-fluorescein isothiocyanate (FITC), or an isotype-
matched control MAb labeled with FITC (Pharmingen).
Analysis of the stained cells was performed using a FAC-
SCalibur flow cytometer (BD Immunocytometry) equipped
with a second 635-nm red diode laser and using Cell Quest
software. From 200,000 to 300,000 total events were ac-
quired. Dead cells and debris were excluded by forward and
side scatter gating.
To study the presence of homing receptors on CMV-
specific CD4 T cells, monocytes obtained with the same
method described above were incubated with CMV antigen
(Jaimes et al., 2002) and a control antigen made from
mock-infected cells used to grow the CMV (BioWhittaker,
Inc., Walkersville, MD) for 6 h. Then the cells were pro-
cessed as for the RV-specific T cells described above. The
time of incubation of monocytes with viral antigen (both
RV and CMV) and the target-to-cell ratio to stimulate the
cells were obtained in preliminary results. As shown by
others (Schmittel et al., 2001), the optimal time of incuba-
tion of the monocytes with the viral antigen, so that they
will induce maximal T cell responses, varies depending on
the antigen (2 and 6 h for RV and CMV, respectively).
In parallel to the T cell assays, fresh PBMC from each
volunteer were stained with MAbs against CD4-peridinin
chlorophyl protein (Becton–Dickinson), 47-PE (MAb
Act-1 obtained from Charles Mackay Leukosite Inc., Cam-
bridge, MA and commercially labeled to PE by Chro-
moprobe, Mountain View, CA), and anti-L-selectin MAb
(Pharmingen), followed by a second-stage goat anti-mouse
-IgG serum labeled with allophycocyanin (Molecular
Probes, Eugene, OR, USA), to obtain the frequency of
CD4 T cells that express or do not express each receptor
among total CD4 T cells. The mean (SEM) frequency of
47 and L-selectin CD4 T cells in our study popu-
lation were 0.469 (0.053) and 0.814 (0.042), respectively.
Results of these experiments are expressed as (1) net
percentage of virus-specific CD4 T cells among CD4 T
that express or do not express each receptor. This value is
calculated, for each cell subset (CD4 cells that express or
do not express each homing receptor), by subtracting from
the percentage of CD4 T cells responding to RRV the
corresponding percentage of CD4 T cells responding to
Mock. (2) percentage of circulating virus-specific CD4 T
cells that express each homing receptor. To obtain this
second value for each individual, first the net percentage of
virus-specific CD4 T cells of a given subset (the value
obtained in 1) is multiplied by the corresponding frequency
of CD4 T cells of this subset (obtained as described in the
previous paragraph) to obtain the percentage of total virus-
specific CD4 T cells of the subset. Then the following
formula is applied: % of virus-specific CD4 T cells that
express the receptor  % of total virus-specific CD4 T
cells that express the receptor  100/% of total virus-
specific CD4 T cells that express the receptor% of total
virus-specific CD4 T cells that do not express the receptor.
Purification of homing receptor-negative and -positive
populations
47/ and L-selectin/ subsets of PBMC used as
responding cells in the assays described above were purified
using microbeads as previously described, with modifica-
tions (Gonzalez et al., 2003). A suspension of PBMC in
PBS–0.5% BSA was incubated with 3 g of purified mouse
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anti-human anti-47 Act-1 (obtained from Charles
Mackay Leukosite Inc.) or with 3 g of anti-L-Selectin
MAb (Pharmingen) for 30 min at 4°C. Then the cells were
washed with the same buffer and centrifuged at 250 g for 10
min. Microbeads attached to an anti-mouse MAb (Miltenyi
Biotec) were then added to the cell suspension and incu-
bated for 1 h at 4°C. The cells were then separated with LS
columns (Miltenyi Biotec) according to the manufacturer’s
instructions to obtain positively and negatively selected
cells. The negatively selected 47 or L-selectin cells were
stained with anti-7-PE antibody (FIB504) or anti-L-selec-
tin-PE, respectively (Pharmingen), and analyzed by flow
cytometry to determine the purity of the selected cells,
which were over 91% pure.
Statistical analysis
Statistical analysis was performed with SPSS software
version 8.0 (SPSS Inc., Chicago, IL) using nonparametric
tests. Differences between groups were evaluated by Mann–
Whitney tests. Differences between paired results were
compared with the Wilcoxon test. Significance was estab-
lished if P  0.05. Data are shown as mean (SEM).
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